Abstract
Introduction
The burden of depression has recently increased worldwide [1] . A worsening prognosis, multiple comorbidities, and readmission contribute to depression in patients with chronic diseases such as chronic obstructive pulmonary disease (COPD) [2, 3] . In addition, asthma is associated with depression in elderly people [4] . Therefore, recent studies have extensively investigated the relationship of depression with asthma and COPD. Asthma-COPD syndrome (ACOS) is a disorder in which a patient presents with symptoms of both asthma and COPD [5] . Until now, few studies published in English have reported the association of depression with ACOS.
Steroids are used for managing ACOS [5] . The pathophysiology of the neuropsychiatric sequelae of steroid treatment remains unclear. Decreases in central and peripheral serotonin secretion [6] are linked to steroid administration [7] . Hence, steroid administration has been postulated to cause depression by reducing serotonin levels. In addition, hypogonadism increases the risk of depression in patients with readmission [8, 9] . Bonala et al demonstrated that ICSs use increased the risk of depression [10] . By contrast, Passalacqua et al [11] reported that depression disappeared after the initial use of ICSs. Moreover, Steroid Treatment as Regular Therapy (START) study corroborated this observation [12] . The START study demonstrated that patients treated with ICSs had more favorable asthma control and significantly less depression, with trends of improvement in anxiety and behavioral disturbances [13] . Recently, van Boven et al [14] compared an ACOS cohort with a pure COPD cohort and observed no significant difference in the risk of depression between these two cohorts. The relationship between steroid use and depression in asthma/COPD is to be debated.
Aging poses a challenge to healthcare systems because of the high prevalence and impact of multiple morbidities in older adults [10] . ACOS is associated with older age [15] . The major components of metabolic syndrome [10] (e.g., hypertension, hyperlipidemia, and diabetes), anxiety, sleep disorder [16] , alcohol-related disease, and coronary artery disease [17] are associated with depression. Moreover, these diseases [18] occur as comorbidities [14] in ACOS patients. In the present study, we investigated the relationship of oral steroids (OSs) [19, 20] and inhaled corticosteroids (ICSs) [19, 21] use with depression in ACOS patients by using a nationally representative sample.
Methods

Data source
This study was conducted using the Longitudinal Health Insurance Database (LHID), which contains the claims data of one million insurants selected from the National Health Insurance (NHI) program of Taiwan during 1996-2000. The NHI program is a national health insurance program that covers more than 99% of the 23 million citizens of Taiwan. The LHID comprises health claims data, such as the registry of beneficiaries, disease registry files (recorded based on the International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]), drug prescriptions, and other medical services, and this database is updated annually. To ensure the privacy of the insurants, the database is released for research purposes after the data have been deidentified.
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Study population
In this population-based cohort study, we investigated the risk of depression in ACOS patients. ACOS patients were defined as those with coexisting COPD and asthma. The ACOS cohort included patients older than 20 years who had COPD (ICD-9-CM codes 491, 492, and 496) and concurrent physician-diagnosed asthma (ICD-9-CM code 493) between January 2000 and December 2009 [14] . The comparison cohort included subjects without ACOS who were propensity score matched [22] to the ACOS cohort at a ratio of 1:1 by sex, age, and comorbidities for avoiding the selection bias. Individuals with a history of depression were excluded. The outcomes of interest of this study were the occurrence of a depression event (ICD-9-CM codes 296.2-296.3, 300.4, and 311). We followed up these study subjects until withdrawal from the NHI program, occurrence of a depression event, or December 31, 2011. This study also considered the effect of comorbidities and drug use. The depression-associated comorbidities considered in this study were hypertension (ICD-9-CM codes 401-405), diabetes (ICD-9-CM code 250), hyperlipidemia (ICD-9-CM code 272), ischemic heart disease (IHD; ICD-9-CM codes 410-414), sleep disorder (ICD-9-CM codes 307.4 and 780.5), anxiety (ICD-9-CM code 300.00), alcohol-related illness (ICD-9-CM codes 291, 303, 305, 571.0, 571.1, 571.2, 571.3, 790.3, and V11.3), vitamin d deficiency (ICD-9-CM 268), cancer (ICD-9-CM codes 140-208), tuberculosis (ICD-9-CM codes 010-018), rheumatoid arthritis (ICD-9-CM code 714), gout (ICD-9-CM code 274), viral hepatitis (ICD-9-CM code 070), and herpes simplex (ICD-9-CM code 054). The drug types considered were ICSs and OSs [20] . Drug use was defined as receiving a drug during follow-up and exposure to the drug for !30 days [6] .
Statistical analyses
The distribution of characteristics between the ACOS cohort and non-ACOS cohort is expressed as the mean and standard deviation (SD) for age and frequency and percentage for sex and comorbidities. Differences between the ACOS cohort and non-ACOS cohort were determined using the t test for age and the chi-square test for sex and comorbidities. To estimate the rate of depression, the incidence density was calculated for each cohort by dividing the number of depression events by the total follow-up years (per 1,000 person-years). The cumulative incidence curves were plotted using the Kaplan-Meier method, and the difference between the curves was tested using the log-rank test. Univariable and multivariable Cox proportional hazard models were used to estimate the hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) for comparing the risk of depression between the ACOS cohort and non-ACOS cohort. The significance level was set at p < 0.05. Statistical analyses were performed using SAS 9.4 (SAS Institute Inc., NC, USA), and the incidence curves were plotted using R software (R Foundation for Statistical Computing, Vienna, Austria).
Results
This study included 10,911 ACOS patients and 10,911 subjects without ACOS. The mean age (approximately 65 years), sex ratio (57.6% were men) and comorbidities were similar between the two cohorts (Table 1) . A significantly higher proportion of patients in the ACOS cohort exhibited medicines, such as ICSs, and OSs, compared with subjects in the non-ACOS cohort.
The incidence of depression was 10.7 and 7.87 per 1,000 person-years in the ACOS and non-ACOS cohorts, respectively ( Table 2) . As shown in Fig 1, the cumulative incidence of depression was significantly higher in the ACOS cohort than in the non-ACOS cohort. After adjustment for age, sex, comorbidities, and ICSs and OSs use, the adjusted risk of depression was nearly 1.67-fold higher in the ACOS cohort than in the non-ACOS cohort (adjusted HR [aHR] = 1.67, 95% CI = 1.48-1.88). Stratified analysis indicated that compared with the non-ACOS cohort, the risk of depression in the ACOS cohort was statistically significant across all age groups, both sexes, and the comorbidity status. The adjusted risk of depression was 1.73-fold higher in female patients in the ACOS cohort (aHR = 1.73, 95% CI = 1.47-2.05) and 1.62-fold higher in male patients in the ACOS cohort (aHR = 1.62, 95% CI = 1.36-1.92) than ACOS cohort. Among the study subjects without any comorbidity, ACOS patients exhibited a significantly higher adjusted risk of depression than subjects without ACOS (aHR = 2.36, 95% CI = 1.58-3.52). Among all subjects with at least one comorbidity, the ACOS patients exhibited a significantly higher adjusted risk of depression than the subjects without ACOS (aHR = 1.61, 95% CI = 1.42-1.82). Table 3 presents the risk of depression associated with ICSs and OSs on in the ACOS cohort. Compared with the patients in the non-ACOS cohort, the ACOS patients without ICSs use had a 1.70-fold higher adjusted risk of depression (aHR = 1.70, 95% CI = 1.51-1.93). However, the adjusted risk of depression was non significant among the ACOS patients with ICSs use (aHR = 1.16, 95% CI = 0.95-1.41). Similarly, comparision of the subjects without ACOS; the aHRs for the risk of depression were 1.84 (95% CI = 1.55-2.19) and 1.12 (95% CI = 0.96-1.29) in the ACOS patients without and with OSs use, respectively.
The results of the univariable and multivariable Cox proportional hazards regression models for analyzing the risk of variables contributing to depression are shown in Table 4 . The aHR of depression was increased 1.18-fold for men relative to women (95% CI = 1.06-1.33). The risk of depression was greater in patients with comorbidities, namely IHD (aHR = 1.22, 95% CI = 1.07-1.38), sleep disorder (aHR = 2.05, 95% CI = 1.82-2.30), anxiety (aHR = 1.23, 95% CI = 1.05-1.44), and alcohol-related illness (aHR = 1.55, 95% CI = 1.12-2.14). The risk of depression was less in patients with comorbidities, namely cancer (aHR = 0.62, 95% CI = 0.49-0. 
Discussion
The ACOS-depression link is likely attributable to the deteriorating quality of life caused by lung disease. High scores for the major components of the COPD Assessment Test, such as dyspnea [23] and poor sleep with depression, are consistent with lower health-related quality of life (HRQoL). This finding is also applicable to ACOS patients [24] . Lower HRQoL [24, 25] , higher admission frequency [25] , and acute respiratory event occurrence [26] contribute to the higher risk of incident depression in ACOS patients, regardless of sex, age, and comorbidities-even in those without co morbidities or in young adults in our study. Previous studies have shown that ACOS patients with depressive symptoms [20] may be more prone to exacerbations [27] which subsequently lead to more depression [28] , which is consistent with our study findings. Meanwhile, the comorbidities with chronic diseases (e.g., hypertension, diabetes, hyperlipidemia, tuberculosis, rheumatoid arthritis) were not associated with the higher risk of the depression. This finding implies that ACOS cohort primarily itself was associated with the event of the depression even without comorbidities. However, the events of the depression were not significant difference in patients receiving the ICSs/OSs between the ACOS and the non-ACOS cohorts.
In a multicenter, observational, cross-sectional study, Barrecheguren et al [29] reported that patients with COPD and a history of asthma before the age of 40 years were more likely to receive a diagnosis of ACOS patients compared with the pure COPD patients (non-ACOS). The incidence of depression was higher in the ACOS patients. Kumbhare et al [28] reported the characteristics and prevalence of ACOS in the United States. Depression in their ACOS group (45.9%) was higher than that in their control group (15.9%) and COPD (32.5%) and asthma (29.3%) groups. In the present study, after adjustment for age, comorbidities, and OSs/ ICSs use, the risk of depression remained higher in the ACOS cohort than in the non-ACOS cohort agree with theses previous reports.
The non-ACOS cohort (e.g., pure COPD cohort) may have the less OSs/ICSs use, if proper treatment is given. The severe form of ACOS received the more OSs/ICSs. The OSs/ICSs [30, 31] may attenuate airway inflammation in ACOS cohort with exacerbation [32] , thus leading to higher HRQoL which may counterbalance the event of the depression [13] . In our study, the non-ACOS cohort without the OSs/ICSs as reference, the risk of the depression in the patients receiving ICSs/OSs without significant differences between the ACOS cohort and the non-ACOS cohort (Table 3 ) support this speculation. In recent Spain study [14] , the defined the ACOS cohort based on the patients who had received a physician confirmed diagnosis of both asthma ([ICD-9] code: 493) and COPD (ICD-9 codes:491, 492, and/or 496), and combined with medication (ATC [Anatomical Therapeutic Chemical] code: R03, Antiasthmatics [33] ). In their study, the frequency of the depression between the ACOS cohort (n = 5,093) and COPD cohort (n = 22,778) was without significant difference. The result of this previous study support our finding. In an European report, the frequency of the anxity/depression in the patients receiving the ICSs/OSs with the ACOS cohort (n = 703; 34.3%) is nearly the same as in the COPD cohort (n = 519,35.8%) [34] in line with these findings.
Our ACOS cohort with comorbidities (e.g., anxity, sleep, alcohol-related diseases, ischemic heart disease) exhibited a higher risk of incident depression, which is consistent with previous findings [9] . In versa, the comorbidities such as cancer, gout, viral hepatitis and herpes simplex were associated with the less risk of depression. A possible explanation is that these patients received the OSs for the acute gout attack [35] and ICSs for the ACOS with excerbation [36] , the additive effect of the OSs on the ICSs [37] may attenuate the frequency of the admission to the acute respiratory ward [38] . Thus, the events of the depression in the ACOS cohort with comorbidities (e.g., cancer, gout) were less comparison of the non-ACOS cohort.
This observation is likely to reflect the complex effects of ICSs/OSs [12, 35] on the central nervous system and the probable interplay among individual susceptibility [39] , disease factors (e.g., comorbidities), and external environmental stressors (e.g., alcohol) [33] . Therefore, in different study cohorts, steroid use at different doses or for different durations has different impacts on the risk of depression.
Patients in the COPD-Depression cohort were more likely to have a COPD-related hospitalization and an emergency room (ER) visit compared to the COPD-Only cohort [40] . Compared with the formular without ICSs, the formular with ICSs was associated with more favorable COPD-related outcomes and lower COPD-related utilization and medical costs among patients with COPD and comorbid depression. [41] Similarly, the higher frequency of admission to ER [21] , intensive care unit in the ACOS cohort [20] . Therefore, the higher risk of the depression in the ACOS cohort was in the acute respiratory ward [38] and related to a worse course [20, 42] . Moreover, comorbid depression of patients with ACOS cohort is 1.67 fold higher than the non-ACOS cohort (e.g., pure COPD cohort) in our study. Despite its negative impact, depression often remains unrecognized and untreated in ACOS patients. This study alert the physician to early detect the ACOS [29] among the patients with the COPD [14, 21] or asthma [29, 43] . In this study, the incidence of depression revealed significant increase in the ACOS cohort without ICSs/OSs. By contrast, the risk of the depression was without significant difference in the ACOS cohort with ICSs/OSs use [41] . Thus, for the daily care, we may try to treat the ACOS cohort using the adequate dose of the ICSs/OSs in the early course for avoiding the incident of the depression. Therefore, this policy may have the benefit for the prevention of the ACOS-depression in the late course of the ACOS cohort with lower HRQoL [25, 37, 42, 44] ; however, this speculation warrant randomized controlled trial.
Strengths
Depression was diagnosed using the Automated Geriatric Examination for [44] Computerised Assisted Taxonomy. Data on life events were collected using the Taiwanese version of the Life Events and Difficulties Schedule [45, 46] .
The healthcare system, such as the Taiwan Association Against Depression, has established a community-based walk-in screening service for depression. This policy may avoid diagnosis bias or the underdiagnosis of depression. A multidisciplinary system of diagnosis and care for asthma, COPD, and ACOS has also been established in Taiwan [18] . Furthermore, in response to the increasing demand, in 2007, the Executive Yuan launched the National 10-year LongTerm Care Plan in Taiwan. This plan guarantees that disabled seniors and other physically and mentally handicapped people receive appropriate services to boost their independent and autonomous life skills, upholding human dignity and increasing quality of life. The available services include home nursing, rehabilitation at home and in the community, respite services, care services, assistive device purchase or rental assistance, aid with home improvements to make one's environment barrier-free, and long-term care institutions. This multidisciplinary team may avoid the bias of the initial diagnosis or follow up of depression [45, 46] .
Limitation
Ethnicity, marital status, religion, education, living conditions, offspring, physical illness, and other drugs (e.g., Inderal) that may induce depression were not included in the analysis. The diagnosis of ACOS is challenging for physicians. These confounding factors are the limitations of this study.
Conclusion
Regardless of sex, age, or comorbidities, the risk of incident depression is higher in ACOS patients, even in those without comobordities or young adults. The events of the depression were not significant difference in patients receiving the ICSs/OSs between the ACOS and non-ACOS cohorts.
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